Abstract-A three-dimensional (3D) finite element model (FEM) of circular concrete-encased CFS T columns under axial compression and torsion was developed using the general finite element analysis (FEA) software ABAQUS . A total of 10 specimens with different axial load level and CFS T ratio were tested to verify the FEM. The comparison of the finite element predictions and the tests performed showed a reasonable agreement. The FEM was thus used to conduct the full range analysis and parametric analysis.
INTRODUCTION
Concrete-encased concrete filled steel tube (CFST) is a type of steel-concrete composite section, which consists of inner CFST and outer reinforced concrete (RC) [1] , as shown in Fig. 1 . This type of composite member has an increasing trend in high-rise building and bridge structures in Ch ina. Concrete-encased CFST colu mns have higher ductility and shear resistance due to the existence of CFST compared to conventional RC colu mns [2] [3] [4] [5] . Co mpared to the conventional CFST colu mns, concrete-encased CFST columns have higher fire resistance and better durability under corrosive environment due to the protection fro m the outer concrete of the CFST. At present, research on composite columns is main ly in axial co mpression, pure bending and hysteresis, but relatively scarce in torsion, which brings great difficulties for the engineering design, construction and evaluation. Therefore, to understand the performance of concreteencased CFST colu mns under compression and torsion, a three-dimensional (3D) finite element model (FEM ) was developed and a total of 10 specimens with different axial load level and CFST ratio were tested to verify the FEM.
II. FINITE ELEMENT MODEL
The commercial FEA package Abaqus/Standard module [6] was used in the numerical simulat ion. So me key issues, such as such as the choice of element types, boundary conditions, material models and modelling of the steel tubeconcrete interface are described as following.
A. Element Types and Meshes
The end plates and concrete components including outer unconfined concrete and core concrete of CFST are simu lated by eight-node 3D solid element with reduced integration (C3D8R). The steel tube is simulated by fournode conventional shell element (S4R). The rebars are simu lated by using 3D 2-node truss elements (T3D2). The rebar elements are connected to outer concrete using the embedded element technique, where the translational degrees of freedom at the rebar node are eliminated. Different grid sizes are attempted to determine an appropriate mesh, as shown in Fig.2 .
B. Material Models

1)
Steel: The elastic modulus and Poisson's ratio for steel were taken as 206000 N/ mm2 and 0.3 respectively. The fivestage stress-strain model provided by Han et al. [7] and the bi-linear line stress-strain model suggested by Zhao et al. [8] were used for the uniaxial stress -strain relat ion of the steel tube and the rebar respectively.
2) Concrete: The damage plasticity model was applied to describe the constitutive behavior of concrete. The elastic modulus of concrete (Ec) was taken as 4730; poisson's ratio was taken as 0.2. The uniaxial co mpressive stress-strain relations of the three kinds of concrete are different due to the different confined conditions. The uniaxial stress -strain models provided by Attard [9] , Han et al. [7] and Han and An [10] were applied for outer unconfined concrete, outer confined concrete and core concrete of the CFST in the FEM. 
3) Concrete and Steel Interface Model:
"Hard contact" is chosen as the normal direct ion between steel tube and concrete including core and outer concrete. The bond stress between the steel tube and the concrete was determined according to Han and An [10] .
4) Boundary conditions:
The end plate is assumed to be elastic rigid b lock and the stiffness is large enough that the deformation in the whole loading can be neglected. The model fixed at one end, which limited the displacement of three directions; The other end is free to load, and reference point is used to couple with the end plate [11] .
C. Verification of the FEM
The tests on circular concrete-encased CFST colu mns were used to verify the FEM, as listed in Table 1 . Eight longitudinal rebars of diameter 11.6 mm was arranged uniformly as shown in 
III. CONCLUSIONS
Based on the limited results of this s tudy, the following conclusions can be drawn: (1) The FEM wh ich could be used to predict the behavior of concrete-encased CFST co lu mns under axial co mpression and torsion was developed.
(2) The test results of concrete-encased CFST colu mns under axial co mpression and torsion were used to validate the FEM, good agreement was achieved.
